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Abstract
A proper way of constructing the continuum contributions in light-cone
QCD sum rules (LCQSR) is rigorously demonstrated. Specifically, we calcu-
late the continuum corresponding to a typical OPE in LCQSR by properly
combining the double dispersion relation with QCD duality. In the limit of
zero external momentum, we impose that the sum rule must be equivalent to
the one using the single dispersion relation. This is found to be equivalent
to the obvious constraint that subtraction terms must not contribute to final
sum rule results. The continuum factor constructed in this way differs from
the factor appearing in conventional LCQSR. We demonstrate that the dif-
ference substantially affects the extraction of hadronic parameters from the
correlation function involving a baryon current.
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The QCD sum rule [1] is a framework widely used to investigate hadronic properties in
terms of QCD degrees of freedom [2]. In this method, it is crucial to represent a correlation
function adequate for the hadronic parameter of concern through a dispersion relation.
This is because QCD calculations of the correlation function can be done only in deep
space-like regions but the hadronic parameter is dened by a nonanalytic structure lying on
time-like regions. Through a dispersion relation, the calculated correlation function can be
analytically continued to time-like regions and matched with the hadronic parameter.
Within the QCD sum rule framework, a correlation function with an external eld is often
considered to calculate meson-baryon couplings [3{9], gD∗Dpi and gB∗Bpi [10], and magnetic
moments of baryons [11,12]. At present, there are two methods in constructing QCD sum
rules when an external eld is present; the conventional approach relying on the short-
distance expansion and the light-cone sum rule [13{16] based on an expansion along the
light-cone. Within the conventional approach one can make an expansion over the small
momentum of the external eld and construct separate sum rules for the correlation function
appearing at each order of the expansion. In this approach, however, there has been a
controversy over which dispersion relation to use [17{19]. One can start either from the
single-variable dispersion relation or from the double-variable dispersion relation, and the
results seemed to depend heavily on which dispersion relation is used. [17]. Later, it was
shown [20] that the two dispersion relations in the conventional sum rule give identical result
provided that the spurious continuum appearing in the double dispersion relation is properly
eliminated. The spurious continuum, which comes from subtraction terms, appears when
QCD duality is naively imposed on the double dispersion relation. A safer way therefore is
to start from the single dispersion relation.
Our argument can be most eectively demonstrated in the following example of the
two-point nucleon correlation function with a pion,
αβ(q; p) = i
∫
d4x eiqxh0jT [JαN(x) JβN (0)]j(p)i ; (1)
which is often used to calculate the pion-nucleon coupling. Here also, one can take the
limit p ! 0 and represent the correlator through the single dispersion relation. Or one can
start from the double dispersion relation for the two momenta q and q − p, and take the
limit p ! 0 afterward. The discussion in Refs [17{19] suggests that the two methods, when
naively applied, are not equivalent. To determine the right procedure, it is useful to take
the limit p ! 0 in Eq.(1) directly. Then using the soft-pion theorem, one can convert the
correlation function into the form




d4x eiqxh0jT [JN(x) JN(0)]j0i
}αβ
: (2)
This is the nucleon chiral-odd correlation function which must be represented by the single
dispersion relation. No matter how we model the correlation function Eq. (1), we must
reproduce this constraint whenever we take the limit p ! 0. Obviously the single dispersion
relation approach satises this constraint trivially while the double dispersion case has to
be checked carefully. In fact, it was noted in Ref. [20] that when using the double dispersion
relation approach, one has to subtract out the spurious continuum to satisfy the constraint.
It means that one should be careful in using the double dispersion relation.
2
The appearance of the spurious continuum seems to be a general feature when the double
dispersion relation is naively combined with QCD duality in constructing the continuum. It
causes more serious problems in light-cone sum rules (LCQSR) in which the double dispersion
relation is the only choice in representing correlation functions. In LCQSR, one keeps the
external momentum nite and the correlation function contains two momenta. The double-
variable dispersion relation and subsequently the double Borel transformation must be used
for the two nite momenta. What makes the discussion dicult in this case is that the
OPE contains light-cone wave functions [21] as well as local condensates. Identifying the
spurious continuum in imposing QCD duality is technically more involved because of the
wave functions. Nevertheless, it is important to investigate this issue in existing LCQSR
approaches and estimate how large changes this can cause in previous LCQSR predictions.
The purpose of this work is to provide a rigorous demonstration of how spurious contin-
uum appears in LCQSR. An important aspect that is often neglected in the existing LCQSR
framework is that in the limit of zero external momentum, a LCQSR must reproduce the re-
sult using the single dispersion relation. Indeed, we will show that it is precisely the spurious
continuum that does not match this constraint. We then suggest the correct construction
of the continuum which is not contaminated by the spurious terms. The continuum factor
obtained in this way is slightly dierent from the usual factor appearing in LCQSR. We
study how this dierence changes previous results of LCQSR.
Most LCQSR consider two-point correlation functions with an external eld. As far as
the OPE side is concerned, a dierence from ordinary QCD sum rules is that LCQSR contains
nonlocal operators whose matrix elements with an external elds dene wave functions [21]
of an external eld. Like hqqi in ordinary QCD sum rules, the wave functions also describe
nonperturbative nature of the QCD vacuum. The wave functions as well as local condensates
constitute the OPE side in LCQSR. In fact, because of the wave functions, the usual LCQSR
becomes mathematically quite involved, which makes it dicult to correctly apply QCD
duality in constructing the continuum.















Here D is the dimensionality of space. A wave function of the external eld is denoted
by ’(v). When the external eld is a pion, ’(v) denotes the pion wave function while its
argument v represents the fractional momentum carried by a quark inside the pion. The






Thus, it is sucient to consider the case with ’(v) ! vk. For notational simplicity, let us
introduce
A  vp21 + (1− v)p22 : (5)
Since we are concerned with the duality issue in constructing the continuum in LCQSR, we
focus our attention to the OPE that contributes to the continuum. As the dimensionality
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of space D  4, the typical OPE, Eq.(3) has a pole at the zeros of A for n  1. So the OPE
with n  1 should not contribute to the continuum. However, as we will discuss below, in
usual light-cone sum rules, the term with n = 1 picks up continuum contribution, which
does not make sense. We will come back to this point later.






is singular. In this case, however, one can expand around 2−D=2 

































n−2 (n  2; k  0) : (7)
We note here that the second term contains the singular coecient Γ(). However, it is a
simple power of A constituting the so called \subtraction terms" in QCD sum rules. To
get a nite result from a sum rule, it is necessary to eliminate the second term. This is
one important reason to apply the Borel transformation in the construction of a QCD sum
rule, i.e., to eliminate the subtraction terms. There is a more important reason that the
power of A should not be a part of nal sum rule results. Even though the OPE is valid at
large spacelike momenta p21; p
2
2 ! −large, when it matches with hadronic parameters, it is
crucial to analytically continue to timelike region. This is in fact the reason why one should
represent a correlation function with a dispersion relation in QCD sum rules. In the analytic
continuation, only the nonanalytic part of the OPE, which in our example is the logarithmic
part, contributes to a sum rule. The power of A clearly is analytic in the continuation and
should not contribute to a sum rule, not even to the continuum.
Another important constraint in constructing a LCQSR, as stressed above based on
Ref. [6], is that in the limit of zero external momentum, the sum rule must reproduce the
one using the single dispersion relation. To check this constraint later, let us take the limit of
vanishing external momentum p21 = p
2
2  q2 and calculate how the OPE Eq.(7) would appear
in the single dispersion relation when the continuum is subtracted. This consideration is
also instructive in understanding the general framework of QCD sum rules.
In the limit p21 = p
2
2  q2, Eq.(7) becomes
ope(q2) = − (q
2)n−2ln(−q2)
(k + 1)(n− 2) ! + powers of q
2 : (8)
Again, the coecients of the powers of q2 contain innity. First, we need to determine the






s− q2 : (9)
No matter how we determine the spectral density, it should reproduce ope(q2) through this
integral whose interval is 0  1. Anything belonging to the powers of q2 in this checking
must not contribute to a sum rule.
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6= 0 : (10)
For example, if the spectral density behaves like  sl as s !1, then one may start with a






sl (s− q2) : (11)
In this form, as s ! 1, the denominator has the power  sl+1, which is high enough to
suppress the divergence in the numerator, and the integrand is well dened everywhere.
However, by rewriting the factor in the numerator as (using the binomial formula in the
second step)




i!(l − i)!(s− q
2)isl−i ; (12)
one can show that the term with i = 0 precisely yields Eq.(9) while the other terms with
i 6= 0 generate only powers of q2. That is, Eq. (11) is equivalent to Eq. (9) up to some
powers of q2. Therefore, as long as the subtraction terms do not contribute to a sum rule,
using Eq. (9) in representing the correlator is ne.
A simple way of determining the spectral density from Eq.(9) is to apply the two Borel













which yields the spectral density for Eq.(8),
ope(s) =
sn−2
(k + 1)(n− 2) ! : (14)





(k + 1)(n− 2) !
sn−2
s− q2 : (15)
where S0 denotes the continuum threshold from which QCD duality is assumed to work.
Of course, it is a poor modeling of higher resonance contributions and an ideal sum rule
is expected to have the least dependence on this modeling. When S0 = 1, this integral
precisely reproduces the OPE of Eq.(8) up to some subtraction terms. The subtraction terms
in this single dispersion case do not contribute to a sum rule even if they are restricted with
1Note, this prescription for obtaining the spectral density is fine only when the OPE has logarith-
mic singularity.
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the nite continuum threshold. As we will see, this is in contrast with the double dispersion
case where the subtraction terms spuriously contribute to a sum rule when the dispersion
integral is restricted with S0. Anyway, a proper sum rule with the double dispersion relation
case should reproduce this result of the single dispersion relation whenever we take the
external momentum to be zero.
With this constraint in mind, we now move to the double dispersion relation case. The
formal steps to take are similar to those in the single dispersion relation case. The double











(s1 − p21)(s2 − p22)
: (16)
We emphasize that the spectral density is dened through the integral whose interval is 0 
1. No matter how we determine the spectral density, it should reproduce the logarithmic
part of Eq.(7) as well as the subtraction terms when it is put back to this integral with the
interval 0  1. The terms belonging to the subtraction terms in this checking should not
contribute to the nal sum rule.
A common mistake in constructing a LCQSR is that a spectral density determined from










(s1 − p21)(s2 − p22)
: (17)
Then, without making sure that the subtractions do not contribute, it is subsequently Borel
transformed to make the nal OPE side,







−s1/M21−s2/M22 ope(s1; s2) : (18)
We will show that this is not a right procedure because the spurious continuum from sub-
traction terms can contribute in this method. The correct procedure is to make sure that
the spectral density reproduces the typical OPE of Eq.(7) via Eq.(16) before performing the
Borel transformation. In this checking, one can see clearly what belongs to the powers of
A and what terms lead to the logarithmic part of Eq.(7), and the duality must be imposed
only on the parts leading to the logarithmic part.
In light-cone QCD sum rules (LCQSR), a common method of determining the spectral






















For the OPE Eq. (7), this equation yields the spectral density of the form (similar spectral
density can be found in Refs. [10,12,16]),
ope(s1; s2) =
s−1+n+k2





(s1 − s2) where n  2 and k  0 : (20)
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Note, because of the delta function, this spectral density lies along the line s1 = s2. A
common practice in LCQSR is to simply put this spectral density into the double-Borel
transform of the subtracted OPE Eq.(18).
However, to identify the spurious contribution in this prescription, we directly substitute
Eq. (20) for the spectral density in Eq. (16). First, in the substitution, we need to perform
the integral
1













(s1 − s2) : (21)
This integral is relatively easy. We perform the s1 integration rst by moving it into the
partial derivatives. Then after making a few mathematical rearrangements such as Feynman










(s2 − A)k+2 : (22)
Here again, we have introduced A = vp21 + (1 − v)p22 for a notational simplicity. For our
purpose, it is instructive to perform the s2 integration by parts successively and reduce the






















The second term involving the summation belong to subtraction terms. To illustrate that,
rst note that n  2, k  0 and 0  i  k. The power in the numerator is always greater
or equal to one. At the lower limit s2 = 0 therefore, the second term is always zero. Also
at the upper limit s2 = 1, the second term becomes powers of A whose coecients are
innite due to the upper limit s2 = 1. This term at the upper limit is precisely of the same
nature as the powers of A in Eq.(7), i.e. it belongs to the subtraction terms which should
not contribute to the sum rules. In other words, under the analytic continuation to the
time-like region of p21 and p
2
2, it does not pick up any nonanalytic structure. What is crucial
in this expression is that when the spectral integral is naively restricted by QCD duality,
the second term has the upper limit s2 = S0 instead of the innity and it is not powers of
A anymore. Instead, it has a pole at A = S0, which obviously does not vanish even after
taking the Borel transformation. Therefore, this contribution to a sum rule is spurious as it
originates from the subtraction terms.
Another indication showing that the second term of Eq.(23) is spurious can be found
from the constraint that Eq.(23) must reproduce the result of the single dispersion relation
Eq.(15) if we take the external momentum to be zero. Of course, if we simply take the Borel
transform after restricting with QCD duality, we certainly can not check this constraint.
When the external momentum is zero, we have p21 = p
2
2 = q
2 and A = q2. In this case, as
there is no dependence on v in A = q2, the v integration in the rst term of Eq.(23) simply
yields the factor 1=(k + 1). When the s2 integral is restricted to 0  S0 according QCD
duality, this rst term precisely reproduces the result from the single dispersion relation,
Eq.(15). The second term involving the summation in Eq.(23) is not necessary in this
checking, again showing its spurious nature.
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On the other hand, the rst term of Eq.(23) involving the integral produces the loga-
rithmic part of Eq.(7) under the integration. Of course, under the same integration, there
are also terms in powers of A in addition to the anticipated logarithm part 2. These powers,
even if they are restricted by QCD duality, do not survive under the Borel transformation.
That is, the double dispersion relation Eq.(16) is satised with this rst term only. We do
not need the second term in reproducing the OPE that we had started with. To be precise,
it is only the rst term in Eq.(23) that should be restricted by QCD duality in constructing
a sum rule.
As we have demonstrated, to construct light-cone sum rules correctly for the OPE of
Eq.(7), we must take only the rst term in Eq.(23), restrict the integral below S0, and
perform the Borel transformation. Then let us see how the OPE including the continuum
























































The two Borel masses are taken to be equal M21 = M
2
2 , so v0 = 1=2. It means that in the
nal form of a LCQSR, QCD inputs contain the wave functions at the middle point ’(1=2),
i.e., the probability for quark and antiquark to equally share the momentum of the external





in Eq. (25), we obtain the main result
of this work,
vk0 (M
2)n En−2 (S0=M2); (n  2) : (27)
Here we have dened the continuum factor as En(x  S0=M2) = 1− (1+x+   +xn=n!)e−x.
Note, the Borel mass factor vk0(M
2)n is just the double Borel transform of the OPE Eq. (7)
without the continuum subtraction. We stress that Eq. (27) is the correct expression to
appear in the nal sum rule when the continuum is properly subtracted for the OPE Eq. (7).
2This can be easily seen by rewriting the numerator sn−22 = (s2 −A + A)n−2 and put it in terms
of (s2 −A) and A by using the binomial formula.
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In contrast, in conventional light-cone sum rules, the OPE in their nal form contains 3
vk0 (M
2)n En−1 (S0=M2); (n  1) : (28)
One can see immediately from Eq. (28) that the continuum factor E0 for n = 1 does not
physically make sense. The corresponding Borel mass M2 comes from the double Borel





−vp21 − (1− v)p22
: (29)
Nonanalytic structure of the integrand in its analytic continuation lies along the line vp21 =
−(1− v)p22 with 1 > v > 0. This line does not overlap with the duality region p21  S0; p22 
S0. Therefore, Eq.(29) can not pick up the continuum factor E0.
In fact, the formula Eq.(28) can be obtained from our approach by adding to our result
the term i = k with s2 = S0 in the second term involving the summation in Eq.(23). This








(S0 −A) : (30)




If this is added to our result Eq.(27), we obtain exactly Eq.(28). This means, the usual
LCQSR formula Eq.(28) contains spurious continuum 4.
As far as the mathematical forms are concerned, Eq. (28) diers from our formula Eq. (27)
only slightly. For a given power of Borel mass (M2)n, Eq. (28) has the continuum factor
En−1 while our formula Eq. (27) has En−2. As the dierence lies in the continuum factor for
a given power of the Borel mass, one can easily see from the nal form of a LCQSR whether
or not the sum rule contains the spurious continuum.
Let us discuss how the dierence in the continuum factor changes the predictions of
previous LCQSR predictions. The change will be most eective in the sum rules that use
a high dimensional current, for example, the sum rule for nucleon magnetic moment [14]
or the pion-nucleon coupling [9,14]. Also it will probably aect the other baryonic sum
rules such as Ref. [8,12]. In these sum rules, the continuum threshold is about S0  2
3Most works in light-cone sum rules do not show a clear derivation of this formula but their final
OPE contains this continuum factor. See for example Eq.(5.13) in Ref. [13], the discussion in p.162
of Ref. [14], or Eq.(27) in Ref. [16]. Some technical derivation can be found in the appendix of
Ref. [12].
4One may wonder if there are similar poles at the continuum threshold in usual QCD sum rules
using the single-variable dispersion relation of Eq.(9). In this case, one can directly integrate
Eq.(15) and prove that there is no such a pole.
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GeV2 corresponding to the Roper resonance. The leading term in the OPE after the Borel
transformation contains the Borel mass M6. For this term, our result Eq.(27) suggests the
continuum factor E1(x  S0=M2) = 1 − (1 + x)e−x while the conventional light-cone sum
rules [9,14] contain the factor E2 = 1− (1 + x + x2=2)e−x. For a typical Borel mass M2  1
GeV2, E1  0:6 while E2  0:32, about half of E1. For an OPE with M4, our continuum
factor is E0  0:86 while the usual light-cone gives E1  0:6, about 30 % lower. For an
OPE with M2, our continuum factor is one but the usual light-cone contains E0  0:86,
about 14 % lower. Thus, Eq. (28) overly suppresses the perturbative contributions to the
correlator. When a sum rule depends heavily on the perturbative terms, a huge sensitivity
to the continuum threshold is inevitable. In that case, our nding can cause substantial
changes in the sum rule predictions.
The rst example is the calculation of the nucleon magnetic moments [14]. We simply
take Eq.(14) of Ref. [14] and reproduce the g.2 of Ref. [14] as denoted by the solid lines
in Fig.1 (a). When the sum rule is changed according to our prescription, E1 ! E0 and
E0 ! 1, we obtain the dashed lines in Fig.1 (a). Depending on the continuum factors, we
clearly obtain the quite dierent Borel curves. One may argue from this gure that the solid
curves look quite stable against the variation of the Borel mass while the dashed curves
do not. Correcting the continuum makes the prediction worse. However, the stability of
the solid curves comes purely from the continuum factor not from the cancellation with the
power corrections, and the prediction here is also not stable against the continuum variation.
To show this, we plot the leading term of the OPE without the continuum factor in g.1
(b) by the dashed line (denoted by f1). The magnitude of the rest of the OPE lies around
0.7 and it is not shown in this gure as it is not crucial in our discussion. As a reference
curve, we again plot the Borel curve (solid line) for F p2 . The dashed curve is already larger
than the total OPE (the solid line indicated by F p2 ) for M
2  1:1. The usual (but incorrect)
continuum factor reduces the curve substantially as shown by the dot-dashed line (denoted as
f1E1 in Fig.1 (b)), which overly suppresses the perturbative part. The degree of suppression
depends on the Borel mass but there is more than 50 % reduction for M2  1 GeV2, which
comes only from a simple modeling of higher resonance contributions. Even if we restrict
the continuum contribution to be below 50 % level, we can not get a Borel window around
1 GeV2 indicating that there is a huge sensitivity to the continuum threshold. On the other
hand, as shown by the other dot-dashed curve (denoted by f1E0), our prescription does
not overly suppress the perturbative part. Then, does this mean that the sum rule fails
in this case ? There are two ways to answer this. One way is to study the higher power
corrections, which will change the Borel curves at low mass region. This may help to flatten
the dashed line in Fig.1 (a). More important corrections can be expected from the nucleon
wave function at the middle point that appears in the leading term of the OPE. Taking
the asymptotic value for this as in Ref. [24] is not unanimous at this point. In fact, the
asymptotic value is the largest possible one. By taking a smaller number, one can certainly
expect a Borel curve with a smaller slope.
Another example is the pion-nucleon coupling calculation using the nucleon two-point
correlation function with a pion within the light-cone sum rule approach [9,14],
(q; p) = i
∫
d4x eiqxh0jT [JN(x) JN (0)]j(p)i : (32)
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Ref. [14] constructed light-cone sum rules for the iγ5/p and iγ5/q/p Dirac structures
5 from the
correlation function Eq. (32). They use the experimental pion-nucleon coupling gpiN  13:5
to calculate the twist-2 pion wave function at the symmetric point ’pi(1=2). The solid
lines in Fig.2 qualitatively reproduce the result of Ref. [14]. When the continuum factors
are changed according to our prescription Eq. (27), we obtain the dashed curves which are
substantially lower than the solid curves, again showing huge changes of the sum rule results.
Later, the OPE calculation for the iγ5/p sum rule of Ref. [14] has been improved by Zhu
et. al [9] who claimed that there are missing OPE terms in Ref. [14]. Even there, the
spurious continuum is huge. We simply take the formula Eq.(23) of Ref. [9] and reproduce
the g.2 of Ref. [9] for ’pi(1=2)  1:5 as shown by the thick solid curve in Fig.3 (S0 = 2:25
GeV2). But, if we use a slightly higher continuum threshold S0 = 2:75 GeV
2, we obtain
the thin solid line. As we expected, the sensitivity to the continuum is huge and the result
of Ref. [9] is not conclusive. When the continuum factors are corrected according to our
formula Eq.(27), we obtain the thick dashed curve, from which we can not say that their
result ’pi(1=2)  1:5 is consistent with the pion-nucleon coupling gpiN  13:5.
Again, the Borel stability of the solid curve comes purely from the incorrect continuum
subtraction of the leading OPE. The leading OPE without the continuum is a rapidly growing
function of M2. It is already 27 at M2  1 GeV2. With the incorrect continuum, the
leading OPE is brought down to about 10 at M2  1 GeV2. Thus, a poor modeling of the
continuum is responsible for about a factor of 3 suppression and it is natural to have a huge
sensitivity of the result to the continuum threshold. Of course again, our prescription does
not provide a stable Borel curve either. But it should be remembered that these curves are
obtained by using the asymptotic value for the twist-2 pion wave function at the middle
point, ’pi(1=2)  1:5. According to Chernyak and Zhitnitsky [21], this value should be
highly suppressed from its asymptotic value. The leading OPE is proportional to ’pi(1=2)
and it is possible to obtain a stable Borel curve by reducing this value. To show this, in
Fig.2, we also plot the thick dot-dashed line using ’pi(1=2)  0:7. Compared with the dashed
curves, the Borel curves become much flatter. The sensitivity to the continuum threshold
now becomes much weaker as can be seen from the thin dot-dashed line. The obtained
sum rule is, however, not satisfactory in predicting the pion-nucleon coupling strength. The
reason for this may be found from the fact that this sum rule is highly dominated by the
leading perturbative term over a broad range of the Borel mass. By shifting ’pi(1=2) from
1.5 to 0.7, we are eectively changing the leading OPE by one half 6. Under this change,
the Borel curve undergoes a huge change not only in the high Borel mass region but also in
the low region like M2  0:5. This indicates that this sum rule is mostly dominated by the
leading perturbative term and the power corrections are almost negligible even in low Borel
mass region. Determining a physical parameter from such a highly perturbative sum rule
5Strictly speaking, it does not make sense to construct the iγ5/q/p structure sum rule because it
is not independent from the iγ5 Dirac structure. Since iγ5/q/p = iγ5p  q + γ5µνqµpν , one actually
needs to construct a sum rule for the structure γ5µνqµpν
6Other term containing the twist-2 pion wave function has the gluon condensate. This contribution
to the sum rule is negligible.
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is an ill-dened problem to begin with. The higher dimensional OPE in an ideal sum rule
should dominate at the low Borel mass region but this sum rule does not show this feature.
To make a reliable prediction for the coupling from this sum rule, it is important to study
the power corrections more precisely.
As we have shown in these two examples, correcting continuum factors change the pre-
vious light-cone sum rule substantially. Failure to reproduce the known phenomenological
parameters indicates that QCD inputs such as the twist-2 pion wave functions and the nu-
cleon wave function at the middle point need to be reexamined. Similar changes can be
expected from other light-cone sum rules using baryon currents [8,12]. Therefore, it is im-
portant to re-analyze previous light-cone sum rules using the continuum factors that we are
proposing in this work.
In summary, QCD duality and its proper use in light-cone QCD sum rules have been
demonstrated in the work. Specically by closely looking into QCD duality and its use
in the double dispersion relation, we have explicitly isolated the spurious contributions in
LCQSR. They are spurious because (1) they belong to subtraction terms in the dispersion
relation, (2) they contribute to sum rules only when QCD duality is naively imposed in the
dispersion integral, and (3) in the limit of zero external momentum, they are precisely the
terms that do not match with the one using the single dispersion relation. We then have
suggested the proper continuum factors to appear in the sum rules for a given OPE. It has
been found that the continuum factor is mathematically slightly dierent from the usual
factor appearing in LCQSR, but its consequences are found to be enormous. It has been
demonstrated that very dierent conclusions can be obtained due to this modication.
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FIGURES
FIG. 1. The nucleon magnetic moments (F p2 = p − 1 and Fn2 = n) are plotted here. In
(a), the solid lines qualitatively reproduce the fig.2. of Ref. [14]. The dot-dashed lines are when
the continuum factors are corrected according to our claim in the text. (b) shows the leading
term in the OPE (dashed line indicated by f1) without the continuum, with our continuum factor
(dot-dashed line indicated by f1E0) and with the usual light-cone continuum factor (dot-dashed





















FIG. 2. The twist-2 pion wave function at the middle point ’pi(1=2) based on Ref. [14]. Again
the solid curves reproduce the fig.4 of Ref. [14] and the dashed curves are obtained when the
continuum are corrected.













FIG. 3. The pion-nucleon coupling Borel curves according to Ref. [9]. The thick solid curve
reproduces the result of Ref. [9] while the thick dashed curve is obtained when the continuum factor
is corrected according to our prescription. The corresponding thin curves show the sensitivity to
the continuum threshold. The dot-dashed curves are obtained when the twist-2 pion wave function
’pi(1=2) = 0:7 is used.
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